The retarding effect of the orally administered acidic protease (TE-P), isolated from Trametes sanguinea, on the spontaneous delivery in the pregnant rats but not in the pregnant rabbits has been reported by Shimamoto (1) . Though exact nature of the retard ing mechanism is still unknown, the enzyme is assumed to be absorbed from the gastro intestinal tract without loosing the proteolytic activity and to exert the interfering with the delivery process in virtue of some pharmacological effects of the proteolytic products of the tissue or plasma. This indication was further supported by the evidence that the in vitro incubation of the commercial globulin with the adequate concentrations of TE-P at the acidic reaction produced the pharmacologically active substance unique in evoking a slow contraction of the smooth muscle (2) . The present authors have also confirmed that the similar incubation of the homogenates of the rat spleen, kidney and liver with the enzyme resulted in the formation of the active substance, which definitely differs pharmacologically from acetylcholine, histamine, 5-hydroxytryptamine and bradykinin. Moreover, it has been confirmed that the incubation of the tissue homogenates alone at the acidic reaction produces another active substance, which contracts the isolated rat uterus, retarded in onset and slow in progress.
In the present experiments, efforts were made to separate pharmacologically and biochemically both active substances in order to know the pharmacological properties of the proteolytic substance in the incubation of the liver homogenates with TE-P.
METHODS
Male or female Wistar rats, weighing about 200 g, were used. They were maintain ed on the commercial diet (CLEA CA-1) and drinking water ad libitum at the room tem perature.
1. Enzyme TE-P was kindly supplied from the Takeda Pharmaceutical Co., Osaka. The op timal pH of the enzyme for the proteolytic activity is 2.5 and the activity of the enzyme measured by the method of Anson-Hagiwara is 694.6 Pu/mg. In addition, the enzyme has some minor activities such as cellulase, mannase, amylase, glucanase and pectinase.
One per cent solution of the enzyme in Kolthoff buffer (pH 2.2) was used as a stock solution, prepared every three days, and stored at O -C. This stock solution was appro priately diluted on use. The enzyme solution itself did not show any pharmacological activity on the smooth muscles.
Incubation procedure of the liver homogenates
The liver, isolated and fully exanguinated immediately after the sacrifice of the rat by head amputation, was homogenized in 10 volumes of the ice-cold Kolthoff buffer by means of glass homogenizer and these homogenates, otherwise stored at 0`C for 48 hours at longest, were used as a stock.
Eight ml of 1070 liver homogenates were added with 1 ml of 0.1% TE-P at the ice cold temperature, and the mixture was incubated at 37°C for 5 minutes or more by agi tating continuously on water-bath. The control sample of the liver homogenates alone was treated similarly. At the termination of the incubation the volumes of both incubates were doubled by adding anhydrous ethanol, and the resultant precipitation of protein was removed by centrifugation at 6,000 rpm for 10 minutes. Ethanol in the supernatant thus obtained was evaporated under reduced pressure at 40 to 50°C. The concentrated residues were then dehydrated by refrigeration at -20'C. The dehydrated products of both incubates were yellowish brown powder and were highly hygroscopic. These final products were stored at 0"C. The active substances in the products could be dialyzable through the cellophane membrane in the tap water.
Assay procedures
The active substances in the supernatant of either homogenates or final products were assayed on the isolated rat uterus, duodenum, jejunum, ileum and rectal colon. The uterine strips of the virgin but sexually maturated rats, treated with the intramuscular injection of 238 ieg/ 100 g of diethylstilbesterol-potassium disulfonate 24 hours previously, were suspended in the fully oxygenated de Jalon solution at 31"C. According to Dalgl iesh et al. (3) , the strips of the rectal colon, isolated distal to the coecum, were suspended in the nutrient solution of the following composition: NaCl 9.0, KC1 0.4, CaCl, 0.03, NaHCO3 0.15 and glucose 1.0 g in 1,000 ml of water. The solution in the organ bath was bubbled with oxygen at 24"C. The duodenal strips, isolated at the site about 1 cm distal to the pyloric ring, the jejunal strips removed at the site about 20 cm distal from the pyloric ring and the ileal strips removed at the site about 5 cm proximal to the ileal end were suspended in the oxygenated Tyrode solution at 33°C. The volume of the nutri ent solutions in the organ bath was 20 ml. The responses of the preparations to the active substances were compared with those to acetylcholine, histamine, 5-hydroxytryptamine and bradykinin. The stimulating agents were used in the submaximal concentration, respectively. In some of the preparations the responses to barium chloride and oxytocin were also compared.
For the pharmacological differentiation of the contraction of the isolated uterus atro pine sulfate, diphenhydramine hydrochloride, cyproheptadine hydrochloride and homo chlorcyclizine hydrochloride were used as antagonists. The details of the procedures are described in the experimental results. The absolute height of the contraction of the preparations in response to 10-8 or 5 x 10-8 g/ml of acetylcholine was often used as a criterion of the response as well as a criterion of the amounts of the active substances formed by the incubation of the liver homogenates.
FIG. 1. The responses of the isolated rat uterus to the stimulating agents described in Table  1 .
FIG. 2.
The responses of the isolated rat jejunum to the stimulating agents described in Table 1 .
RESULTS
1. Pharmacological responses of the preparations to the active substances in the incubates or to the final products obtained by the incubation of the liver homogenates with or without TE-P The exposure of the uterus, duodenum, jejunum, ileum or colon to various concentra tions of TE-P did not evoke any responses. However, the supernatants of the liver homo genates, incubated with or without TE-P in the Kolthoff buffer at 37'C for 3 minutes or more, contracted all the preparations except the colon. Differing from the contrac tile responses of the preparations to acetylcholine, histamine and 5-hydroxytryptamine, all quick in onset and fast in progress, the same responses to both incubates were retarded in onset and very slow in progress resembling rather the same response to bradykinin. Fig. 1 shows the respective patterns of the contraction of the uterus to acetylcholine (ACh), 5-hydroxytryptamine (5-HT), active substance in the incubates of the liver homo genates in the presences (active substance I) and absence (active substance II) of TE-P, their purified products (powdered I and II) and bradykinin. During the progress of the contraction by the incubates the uterus exhibited usually the undulation of relaxation and contraction. However, the increased concentration of both incubates facilitated the onset and progress of the contraction. The similar differences in contractile patterns of the jejunum between acetylcholine, 5-hydroxytryptamine and both incubates are shown in Fig. 2 . When the maximally stimulating concentration was applied for 10 minutes, the contraction of the preparations by acetylcholine deteriorated spontaneously and gradually, while the contraction by both incubates was sustaining showing the least spontaneous deterioration. The similar spontaneous relaxation of the maximally con tracted preparations by bradykinin was also observed. and colon to acetylcholine (ACh), 5-hydroxytryptamine (5-HT), bradykinin, TE-P (acidic protease), active substances in the incubates of the liver homogenates in the presence (active substance I) and absence (active substance II) of TE-P and their purified products (powdered active substance I and II). Table 1 shows the qualitative responses of the preparations to either stimulating agent. The contractile response of the duodenum to the incubates of the liver homogenates with TE-P differed from that to the incubation of the liver homogenates alone in showing the proceeded transient relaxation with the contraction (Table 1 ). In addition, the final product of the liver incubates with TE-P intensified the early transient relaxation of the duodenum and produced the similar relaxation of the jejunum and ileum as well. In Fig. 2 , the incubate of the liver homogenate with TE-P in the concentration of 2 x 10-4 g/ml in term of the liver weight elicits only the contraction of the jejunum, while the final product of the same incubate in the same concentration elicits the contraction proceeded with the transient relaxation. On the other hand, the final product of the liver incubates without TE-P induced never the initial relaxation of the duodenum, jeju num and ileum. Besides, both incubates differed somewhat in the sensitivity of the pre parations. The incubates of the liver homogenate with TE-P showed the decreased sen sitivity in order of the following description: uterus, jejunum, duodenum, ileum and colon. On the other hand, the supernatant of the incubates of the liver alone showed the decreas ed sensitivity in order of the following description: jejunum, uterus, ileum, duodenum and colon. Further, it was demonstrated that the contractive effect of the liver incubates with TE-P on the uterus decreased slightly by the isolation procedures, as shown in Fig. 1 .
Effects of the incubation conditions on the active substance formed
The incubation of the liver homogenates with TE-P, both of which were prepared in 0.1 M citric acid solution at pH 1.9, for 5 or 10 minutes (final pH 2.0) yielded no active substance, which contracted the rat uterus. No active substance was also obtained by the incubation of the liver homogenates with TE-P in the physiological saline at pH 5.6 (final pH 5.6 to 6.0) for 5 or 10 minutes. However, the incubation of the liver homogena tes, prepared in the physiological saline at pH 5.6, with TE-P prepared in Kolthoff buffer, for 10 minutes at the final pH 3.5 to 4.5 yielded almost the same amounts of the uterus active substance formed by the incubation of the liver homogenates with TE-P in the Kolthoff buffer at the final pH 2.5. Therefore, the pH range of the incubation from 2.5 to 4.5 was concluded to be essential for the maximal formation of the active substance. In addition, the active substance formed at the more acidic reaction proved to be more stable at 0°C than that formed at the less acidic reaction. incubation resulted in the progressive inactivation of the active substance, and the com plete inactivation was observed within 60 to 90 minutes of the incubation. The dotted line in Fig. 3 represents the amounts of the active substance formed by the incubation of the liver homogenates with TE-P in the Kolthoff buffer at 37°C for 1, 5, 10, 20, 30, 40, 50 and 60 minutes. The amounts of the active substance formed during the respec tive incubation time-periods were expressed as the contraction height of the uterine strips in response to 2 x 10' g in term of the liver weight recorded on the kymograph. The plateau formation in the amounts of the active substance from 1 to 30 minutes of the incubation indicates that the proteolytic process is very rapid and also rate-limiting. The progressive reduction in the amounts of the active substance formed by the incuba tion of the liver homogenates, prepared in the physiological saline at pH 5.6, with TE-P, prepared in Kolthoff buffer, for 1, 5, 10, 20 and 30 minutes (final pH 3.5 to 4.5) at 37°C. Though the formation of the active substance was as rapid as when Kolthoff buffer was used for the incubation medium, the progressive reduction of the active substance by further incubation was activated markedly and the complete disappearance of the active substance was obtained at 30 minutes of the incubation. This evidence indicates that the active substance is unstable or less resistant to the inactivation mechanism in the decreased acidic reaction.
Fie. 4. The effects of the incubation temperature on the amounts of the active substance formed in the incubation of the liver homogenates with TE-P, prepared in the Kolthoff buffer, for the respective time-periods (minutes). The amounts of the active substance were expressed as the measured height of contraction of uterus on the kymograph. Solid line shows the incubation at 37°C, broken line shows the previous treatment of the liver homogenates at 60°C for 10 minutes before incubation at 37°C, and dotted line shows the incubation at 60°C. Fir. 5. Effects of the repeated application of 10_9 g/ml of cyproheptadine on the responses of the rat uterus to acetylcholine (I), 5-hydroxytryptamine (II), bradykinin (III), active substance I (IV) and active substance II (V). The abscissa shows the number of repeated application and the ordinate shows the percent change of the response to that before applica tion.
3. Pharmacological identification of the active substance As described above, the active substance was likely to differ pharmacologically from acetylcholine, histamine and 5-hydroxytryptamine.
In order to identificate further the active substance from the other active substance formed by the incubation of the liver homogenates as well as from acetylcholine, histamine and 5-hydroxytryptamine, the fol lowing two test materials were prepared : 0.45 ml of the incubates prepared from the in cubation of 8 ml of 1 % liver homogenates (pH 3.0) with 1 ml of 0.1 % TE-P (pH 2.5) in the Kolthoff buffer at 37°C for 5 minutes and 0.1 ml of the supernatant prepared from the incubation of 8 ml of 10% liver homogenates (pH 3.5) in the absence of TE-P in the Kolthoff buffer at 37°C for 5 minutes. The actual concentration of the former (I) was 2 x 10' g in term of liver weight and that of the latter (II) was 5 x 10' g in term of liver weight. The concentrations of both incubate produced almost the same height of con traction in the rat uterus. Acetylcholine, histamine, 5-hydroxytryptamine and bradykinin were used in the equicontractile concentrations.
Atropine in the concentration of 5 x 10-7 g/ml which completely blocked the res ponse of the uterus to 5 x 10-8 g/ml of acetylcholine, did not affect the responses to the concentrations of I and II. Diphenhydramine in the concentration of 1.5 x 10-6 g/ml, which blocked the response to 10-6 g/ml of histamine, did not modify the contractile responses of the ;, uterus to I and II. Cyproheptadine in the concentration of 2 x 10-6 g/ ml blocked the contractile responses of the uterus to 2 x 10-6 g/ml of 5-hydroxytryptamine and to the concentrations of I and II, but it did not affect the same responses to BaCl, and oxytocin. Homochlorcvclizine in the concentration of 10' g/ml blocked the res ponses of the uterus to 10-7 g/ml of acetylcholine, 10-7 g/ml of 5-hydroxytryptamine, 5 x 10-10 g/ml of bradykinin and the concentrations of I and II.
FIG. 6. Effects of the repeated administration of 5 x 10_6 g/ml of homochlorcycli zinc on the responses of the rat uterus to acetylcholine (I), 5-hydroxytry ptamine (II), bradykinin (III) and active substance I (IV) and II (V). The abscissa shows the number of repeated application and the ordinate shows the percent change of the response to that before application.
In order to differentiate further the contractile response of the uterus to either stimu lating agent the time-course of the depressive effect of cyproheptadine, repeatedly adminis tered for 4 minutes and then washed 8 times at the time-interval of 10 minutes, were ob served according to the method devised by Stone et al. (4) . The results are shown in Fig. 5 .
The response of the uterus to 2 .5 x 10-8 g/ml of acetylcholine was not sigificant ly affected by cyproheptadine. However, the responses of the uterus to 10-8 g/ml of 5 hydroxytryptamine and 2.5 x 10-10 g/ml of bradykinin were progressively depressed by the repeated procedures of the treatments. In contrast to the neglizible effect on the response to II, the response to I was gradually but progressively depressed by the proce dures.
The effects of homochlorcyclizine in the concentrations used by Kimura et al. (5) on the responses of the rat uterus to the stimulating agents were compared following the above-described procedures. The results are shown in Fig. 6 . The contractile response to 2 x 10-8 g/ml of acetylcholine and l0' g/ml of 5-hydroxytryptamine showed a con siderable depression followed by some recovery. The most marked and progressive depression was observed on the response of the uterus to 10-9 g/ml of bradykinin. Though the contractile response to II was facilitated progressively by the repetition of the procedures, the same response to I was only slightly depressed by the procedure of homochlorcyclizine. Thus, the contractile effect of the active substance in the incubates of the liver homogenates differed from that of the active substance in the supernatant of the incubates of the liver homogenates alone. DISCUSSION Shimamoto et al. (2) have shown that the incubation of the commercial globulin with TE-P, the proteolytic enzyme isolated from Trametes sanguinea, at acidic reaction produces the smooth muscle stimulating substance. They have further indicated that the active substance is probably not a protein but a polypeptide in chemical nature. The present authors have also confirmed that the incubation of the homogenates of the rat liver, spleen and kidney in the Kolthoff buffer at 37TC for 5 minutes or more produces the similar active substance. In accord with the activity of the enzyme, the maximal forma tion of the active substance was observed only when the pH of the incubation medium was in the range from 2.5 to 4.5. When the physiological saline, of which pH adjusted to 5.6, was used as an incubation medium instead of Kolthoff buffer, no active substance was formed. Almost the maximal formation of the active substance within 1 to 2 minutes of incubation as well as the plateau formation in the amounts of the active substance within 10 to 20 minutes indicate the very quick and moreover rate-limiting process of the proteo lytic activity. However, the progressive inactivation of the active substance by the pro longed incubation indicates the unstable character in the acidic medium or further diges tion by the acidic enzyme. Though the incubation of the liver homogenates with TE P at 60°C or the previous treatment of the liver homogenates at 60°C for 10 minutes showed the formation of the active substance, either procedure decreased the rate of inactivation during the prolonged incubation. Therefore, it is likely that some unknown factors, present in the liver homogenates and heat labile, are responsible for the inactivation.
The active substance formed by the incubation of the liver homogenates with TE-P at the low pH proved more stable than that formed by the same incubation at the high pH. Since the active substance was resistant to the temperature of 60°C, dialyzable through the cellophane membrane and not precipitated with ethanol, the active substance might be a polypeptide in chemical nature. In the present experiments, the active substance was isolated as a yellowish brown powder, which naturally mixed with the active substance formed by the incubation of the liver homogenates alone at the same condition.
Though both active substances in the supernatants from the incubates of the liver homogenates in the presence or absence of TE-P contracted the rat uterus, duodenum, jejunum, ileum but not colon, the proteolytically produced active substance by TE-P differed from the active substance in the supernatant of the liver incubates in eliciting the proceeding relaxation of the duodenum. This difference was more apparently demon strated by the purification of the active substances. The purified product of the proteo lytic substance induced a more marked relaxation of the duodenum in association with the transient and proceeding manifestation of relaxation of the jejunum, while the puri fication of the active substance in the liver incubates resulted in the decreased contractile activity. The difference between both active substances was shown by the effects of cy proheptadine and homochlorcyclizine in the uterus. The response of the uterus to the active substance in the liver incubates was little affected by cycloheptadine and facilitated by homochlorcyclizine, while the response to the proteolytically active substance was depressed by either agent.
The contraction of the smooth muscle preparations by the proteolytically active sub stance was retarded in onset and slow in progress, while those by acetylcholine, histamine and 5-hydroxytryptamine were rapid in onset and progress. In this respect, the active substance resembled with bradykinin. When the submaximal concentrations were ap plied to the uterus, the contractions by acetylcholine, histamine and 5-hydroxytryptamine and bradykinin relaxed gradually and spontaneously, while that by the active substance was long-sustaining. The contraction of the preparations by the active substance was not modified by diphenhydramine and atropine. In this respect, the active substance differed from acetylcholine and histamine. Differing from 5-hydroxytryptamine, which contracted the rat colon, the active substance showed almost negligible effect. In con trast to the progressive depression of the contractile responses of the rat uterus to 5-hyd roxytryptamine and bradykinin by cyproheptadine and homochlorcyclizine, the same procedure depressed slightly the responses to acetylcholine and the active substance. From these evidences it is much likely that the active substance in the supernatant of the incubates of the liver homogenates with TE-P differed from acetylcholine, histamine, 5-hydroxytryptamine, or bradykinin, all of which are the physiologically smooth muscle stimulating agents.
SUMMARY
The incubation of the homogenates of the rat liver with TE-P, acidic protease isolat ed from Trametes sanguinea, produced the smooth muscle contractile substance, which pharmacologically was differentiated from the similar smooth muscle active substance formed by the incubation of the liver homogenates alone. This active substance was dialyzable through the cellophane membrane and was also slow-acting.
